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Abstract
Objectives
The objective was to investigate the feasibility and usability of electronic momentary assess-
ment, goal-setting and personalized phone-calls on adherence to a 12-week self-conducted
interval walking training (IWT) program, delivered by the InterWalk smartphone among
patients with type 2 diabetes (T2D).
Methods
In a two-arm pilot randomized controlled trial (Denmark, March 2014 to February 2015),
patients with T2D (18–80 years with a Body Mass Index of 18 and 40 kg/m2) were randomly
allocated to 12 weeks of IWT with (experimental) or without additional support (control). The
primary outcome was the difference between groups in accumulated time of interval walking
training across 12 weeks. All patients were encouraged to use the InterWalk application to
perform IWT for�90 minute/week. Patients in the experimental group made individual
goals regarding lifestyle change. Once a week inquiries about exercise adherence was
made using an ecological momentary assessment (EMA). In case of consistent self-
reported non-adherence, the patients would receive a phone-call inquiring about the reason
for non-adherence. The control group did not receive additional support. Information about
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training adherence was assessed objectively. Usability of the EMA was assessed based on
response rates and self-reported satisfaction after 12-weeks.
Results
Thirty-seven patients with T2D (66 years, 65% female, hemoglobin 1Ac 50.3 mmol/mol)
where included (n = 18 and n = 19 in experimental and control group, respectively). The
retention rate was 83%. The experimental group accumulated [95%CI] 345 [-7, 698] min-
utes of IWT more than the control group. The response rate for the text-messages was 83%
(68% for males and 90% for females). Forty-one percent of the experimental and 25% of the
control group were very satisfied with their participation.
Conclusion
The combination inquiry about adherence using EMA, goal-setting with the possibility of fol-
low-up phone calls are considered feasible interventions to attain training adherence when
using the InterWalk app during a 12-week period in patients with T2D. Some uncertainty
about the effect size of adherence remains.
Trial registration
Clinicaltrials.gov NCT02089477
Introduction
Physical activity (PA) is a cornerstone in the first line treatment of patients with type 2 diabetes
(T2D) [1,2,3]. However, adherence to recommended levels of PA among patients with T2D is
low [4,5].
Supervised exercise interventions can improve glycemic control [6], physical fitness [7] and
quality of life [8] as well as reduce cardiovascular risk factors [8–10]. Yet, whereas supervised
exercise is superior to non-supervised exercise in improving glycemic control in patients with
T2D, advice-based exercise therapy is not [6,10]. This emphasizes the importance of supervi-
sion in successful implementation of exercise therapy in clinical care of T2D. However, chal-
lenges to supervised exercise include cost and time restrictions in treatment delivery. This
creates challenges, especially given increasing T2D prevalence [11]. Moreover, previous studies
have established several internal and external barriers for sustaining behavior change with PA
in patients with T2D. These barriers can be demographic, social and psychological factors
including poor physical fitness, lack of self-efficacy and lack of social support, lack of earlier
experiences with exercise as well as logistic and contextual challenges [12–17]. Consequently,
there is a need for approaches promoting PA for the T2D population that do not rely on direct
exercise supervision.
Electronic health (eHealth) solutions involving communication technologies such as com-
puters, telephones and videos are already recognized as potential tools to overcome some of
the identified external barriers and improve adherence to various components of the clinical
care of T2D [18–23]. However, several studies emphasize that technology-based interventions
are more effective if combined with additional adherence supportive components [24,25]. In
this regard, automated electronic inquiries about adherence have been found to be effective in
improving diabetes self-management with a significant effect on glycemic control [20] and
EMA, goal-setting and personalized phone-calls on adherence to interval walking training among T2D patients
PLOS ONE | https://doi.org/10.1371/journal.pone.0208181 January 10, 2019 2 / 20
Mathias Ried-Larsen is supported by a post-
doctoral grant from the Danish Diabetes Academy
(www.danishdiabetesacademy.dk) supported by
the Novo Nordisk Foundation (www.
novonordiskfonden.dk/en). CIM/CFAS is a member
of DD2 - the Danish Centre for Strategic Research
in Type 2 Diabetes (www.dd2.nu) (the Danish
Council for Strategic Research, grant no. 09-
067009 and 09-075724). Henning Langberg is
supported by a professor grant from the City of
Copenhagen, Denmark. The trial was supported by
grants from Fonden for laegevidenskabens fremme
(www.apmollerfonde.dk) and Viggo og Krista
Pedersens fond (www.kv-fonden.dk). Centre for
Physical Activity Research is supported by a grant
from TrygFonden (www.trygfonden.dk/english).
MR-L has received fees for teaching from Novo
Nordisk A/S.
Competing interests: The authors declare that no
competing financial interest exists.
health behavior [26,27]. Evidence also suggest that automated electronic inquiries about adher-
ence can be used to enhance PA among patients with T2D [28]. Moreover, previous research
suggests that goal-setting is an effective tool to overcome several of the internal barriers for
patients with T2D when it comes to changing behavior [29,30]. Based on these findings, we
have developed a structured intervention using goal-setting, ecological momentary assessment
(EMA) of adherence to PA, and the possibility for follow-up phone calls. The intervention
aims at attaining adherence to a mobile-based application (the InterWalk app) which delivers
an interval walking training (IWT) program [31].
The primary aim of this 12-week pilot randomized controlled trial was to investigate feasi-
bility of inquiries about adherence to interval walking training using EMA, goal-setting and
phone calls as interventions to attain adherence to an IWT intervention delivered by the
smartphone application InterWalk in patients with T2D. Secondarily, we aimed to investigate
usability of EMA and the effect on changes in self-reported PA, health related quality, aerobic
capacity, glycated hemoglobin (HbA1c) and body composition from baseline to 12-week.
Methods
Design
This trial was a single-center 12-week, two-arm pilot randomized controlled trial (RCT) [32],
conducted at Copenhagen University Hospital, Rigshospitalet, March 12th 2014 to February
12th 2015. The protocol was approved by the Scientific Ethical Committee at the Capital Region
of Denmark (H-1-2013-116, S1 and S2 Files), and the trial protocol was registered at Clinical-
trials.gov (NCT02089477). The study was conducted in accordance with the Helsinki Declara-
tion [33]. Results from the trial are reported in line with the CONsolidated Standards of
Reporting Trials guidelines: extension to randomised pilot and feasibility trials (CONSORT
guidelines, S3 File) [34]. Other data from this study have previously been published [35,36],
but no data on the primary outcome, usability or feasibility reported in this report was dis-
closed, nor were the group allocations. Flow of participants is presented in Fig 1.
Patients and eligibility
Patients were recruited through; 1) an outpatient clinic for patients with T2D at the University
Hospital of Copenhagen in the Capital Region of Denmark (Rigshospitalet), 2) information-
meetings arranged by the Danish Diabetes Association in different cities in Capitol Region of
Denmark, and 3) recruitment bulletins. Possible participants were considered eligible for
inclusion if they had; 1) a diagnosis of T2D confirmed by their general practitioner, 2) a Body
Mass Index (BMI) between 18 and 40 kg/m2 and 3) were between 30 and 80 years of age. The
exclusion criteria were; 1) pregnancy, 2) smoking, 3) prescription of insulin analogues, 4) evi-
dence of thyroid, liver, lung, heart or kidney disease, and/or restrictions to increased levels of
PA [37]. Patients had a minimum of 24 hours to consider participation. Oral and written
informed consent was obtained from patients prior to initiation of any trial procedures.
Randomization and Blinding
Patients were randomly allocated in blocks of four into two groups using a computer-gener-
ated sequence (www.randomization.com). The two groups were; 1) IWT using the InterWalk
app with additional support (experimental group), or 2) IWT using the InterWalk app without
additional support (control group). The sequence was concealed in a locked cabinet at a loca-
tion different from the test facility. All patients that were included and scheduled for baseline
measurements were assigned consecutive numbers and allocated by a researcher (LSV), who
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PLOS ONE | https://doi.org/10.1371/journal.pone.0208181 January 10, 2019 3 / 20
was not involved with testing procedures. Blinding of research staff and patients was not possi-
ble following the allocation due to practical reasons, such as the ongoing communication
between patients and the research staff across the intervention period.
Interventions
Following group allocation, all patients received a comprehensive introduction to the Inter-
Walk app and walking test procedures (see below) [35]. All patients were encouraged to use
the InterWalk app to perform� 3 sessions of IWT per week for� 90 minutes/week across 12
weeks. IWT was performed by the patients in free-living at home. All patients (N = 37) were
asked to revisit the clinic one week following baseline measurements to ensure correct use of
the app and to repeat the inbuild fitness test. Moreover, patients could contact researchers by
e-mail or telephone during the intervention-period for technical support. Throughout the
12-week trial-period, the experimental group moreover received automated structured text-
messages on a weekly basis as well as help setting goals concerning lifestyle change (see below).
A group-walking component originally included in the intervention protocol but this compo-
nent was left out due to time-constraints for the participants to re-visit the hospital facilities
and the geographical scatter of the patients. This was decided prior to the implementation of
the intervention. An overview of the pilot trial is illustrated in Fig 2.
Interval walking training (IWT). IWT consisted of repetitive walking cycles alternating
between 3 minutes fast and 3 minutes slow walking. Audio feedback through earphones on
walking speed was continuously and automatically provided to the participant. The develop-
ment of and a detailed description of the InterWalk app has been published elsewhere [31].
During baseline measurements, patients conducted a 7-minute standardized InterWalk Fit-
ness Test (IWFT) to individualize walking intensity during IWT [35]. The walking test is
Fig 1. Flow chart. Pilot trial with randomization.
https://doi.org/10.1371/journal.pone.0208181.g001
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comprised of four walking paces; 1st) a slow walking pace for 2 minutes, 2nd) 2 minutes of an
intermediate pace, 3rd) 2 minutes of fast walking and 4th) 1 minute of very fast walking. Walk-
ing paces, and thus, walking intensities were defined by the individual participant. All walking
tests were performed outside to reflect the patient’s home environment; i.e. a sidewalk with
traffic noise. Following baseline measurements, all patients were instructed to perform� 90
minutes of IWT the following week. Seven days after baseline measurements all patients were
invited to revisit the test facility where they completed a new IWFT. The IWT instructions
were repeated and patients were encouraged to ask any questions regarding usage of the Inter-
Walk app. Written standardized working manuals for testing procedures, introduction to the
InterWalk app and an interview-guide (in Danish–available upon request) were used to stan-
dardize procedures.
Experimental group. Inquiries about adherence to interval walking training using EMA,
prompts and phone calls.
Patients in the experimental group received prompts (one-way communication) and bi-
directional (two-way communication) automated surveys (electronic momentary assessments)
once per week throughout the 12-week trial-period using an automated short message service
not in-cooperated in the InterWalk app (www.sms-track.dk). These EMA’s consisted of two
different types of surveys which were sent automatically in the afternoon on Sundays; 1) a bi-
directional weekly and interactive survey with inquires about the frequency of IWT during the
past week (Fig 3) and 2) uni-directional prompts sent four weeks apart, encouraging patients
to repeat the IWFT (Fig 4).
Patients were asked to respond to the weekly survey by choosing one of three answer-
options provided (Fig 3). No reply or an answer indicating no performance of IWT for two
consecutive weeks (Fig 3, answer number 5: “I have not walked at all”) resulted in a personal
phone call from LSV. The conversation in this phone call was based on a semi-structured
interview-guide to help patients reflect upon barriers to IWT. The semi-structured interview-
guide consisted of two overall questions; 1) Do you experience barriers towards IWT if yes,
which ones? 2) How can I help you to overcome these barriers?
Fig 2. Timeline and overview of the interventions in the pilot trial. �1-week revisit: both the experimental and the control group
had a 1-week revisit to ensure that they understood how to use the InterWalk app.
https://doi.org/10.1371/journal.pone.0208181.g002
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Goal-setting
Following baseline assessments, the patients in the experimental group engaged in a prelim-
inary interview [38] with individual goal-setting [39]. Patients set 2–3 functional goals related
to their everyday life. The aim of the interview was to help the patients prioritize IWT in every-
day life during the intervention period. The interview lasted 30 minutes and was conducted by
two researchers (LSV or CFB). It took place following the allocation and prior to initiating
IWT. In the interview, patients defined individual goals for the intervention-period using the
S.M.A.R.T-principle (Smart, Measurable, Acceptable, Realistic goals within a given Time-
frame) building on theory of goal-setting [39]. As such, goals were set according to goal-rele-
vant activities, knowing that this can have an effect on performance and the meaningfulness of
the goal to the individual patient [40]. Goals were recorded in the patient journal and each
patient was provided a copy. The goals were not re-evaluated as otherwise stated in the trial
registration and original protocol, however an automated prompt (uni-directional) to renew
the goals were send every 4th week.
Outcomes and measurements
The primary outcome was adherence to IWT measured as total accumulated minutes of IWT
during the 12-week intervention using data from the InterWalk app. Secondary outcomes
were included post hoc and they were based on a concurrent qualitative investigation (unpub-
lished data) with persons with T2D attending a rehabilitation program. This investigation
guided the inclusion of the following measures as secondary outcomes; usability of structured
text-messages, self-reported PA, satisfaction with trial participation, health related quality of
life, changes in aerobic capacity, glycated hemoglobin (HbA1c) and anthropometric measures
as secondary outcomes. As such, these outcomes were not described in the protocol or the trial
registration, they are therefore considered exploratory. The outcomes were assessed from base-
line to 12-week follow-up measurement.
Adherence to interval walking training. All information regarding training intensity,
IWT-data and data from the IWFT (information concerning walking test, training sessions,
intensity and number of steps per day) was stored locally in the iPod or smartphone and
Fig 3. Weekly ecological momentary assessments (EMA’s) regarding frequency of training during the past week
(all text has been translated from Danish to English language).
https://doi.org/10.1371/journal.pone.0208181.g003
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automatically transferred to a central database at the Danish Strategic Research Centre for Type
2 Diabetes (DD2) upon connection to a mobile data network or Wi-Fi [31]. All data from the
app was encrypted and access to data was not possible during the intervention period.
Self-reported adherence to IWT using the InterWalk app was based on two questions with
three response options on a likert scale [41]. Questions were; 1) How many times per week did
you use the InterWalk application to do interval walking training during the last 12 weeks?
(options were 1) 1–2 times per week, 2) 3 times per week or 3) more than 3 times per week), 2)
When using the InterWalk application to perform interval walking training, for how long did
you walk per session? (options were 1) 10–15 minutes, 2)16-30 minutes or 3) more than 30
minutes).
Self-reported renewal of the IWFT across groups, was based on one question. The response
was dichotomized with a yes/no option. The question was Have you renewed the standardized
InterWalk Fitness Test at 4 weeks/at 8 weeks? These questions were given to all patients after 12
weeks.
Fig 4. Prompts send every fourth week regarding the IWFT (the standardized walking test in the InterWalk
application) (all text has been translated from Danish to English language).
https://doi.org/10.1371/journal.pone.0208181.g004
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Usability of structured the electronic momentary assessment. Data concerning usability
of the EMA component was obtained through patient response rates and replies to the weekly
EMA’s (Figs 3 and 4).
Satisfaction. Self-reported satisfaction with participation in the trial and prospective
usage of the InterWalk app were obtained at the 12-week follow-up assessment. Satisfaction
was based on two questions with the three response options [41]. They were: 1) “Have you
been satisfied with your participation in this 12-week trial?” (Options were a) “Yes very satis-
fied”, b)”Satisfied” or c)“Not satisfied”) and 2) “Will you use the InterWalk app to perform inter-
val walking training after the 12-week trial period” (Options were a) “Yes, several times a week/
yes”, b) “Once a week/yes, sometimes/no”, c) “I don’t think so/don’t know”)?
Physical activity. Changes in physical activity level during the past 4 weeks was deter-
mined using the “Recent Physical Activity Questionnaire” (R-PAQ)[42]. The questionnaire
covered the domains “PA at home” (domain A), “PA in relation to work and during recrea-
tion”(domain B) and “PA in relation to transport” (domain C). Self-reported physical activity
energy expenditure (PAEE) was used to estimate volume of recent PA [43].
Quality of life. Health related quality of life was measured through the Short-Form Health
Survey (SF-12) containing 12 items covering general health. The measure is divided into two
higher-order summary measures; namely a Mental Health and a Physical Health component
summary, each with four sub-scales. The Mental health summary measure is comprised of the
scales; ‘vitality’, ‘social functioning’, ‘role-emotional’ and ‘mental health’. The Physical Health
summary measure is comprised of the scales; ‘physical functioning’, ‘role-physical’, ‘bodily
pain’ and ‘general health’ [44].
Aerobic capacity. Aerobic capacity was measured by a graded maximal oxygen consump-
tion test conducted on a treadmill (Technogym Runrace, Gambettola, Italy). The test consisted
of a 5-minute warm-up at a slow walking pace (determined by the patient) at 0% incline fol-
lowed by 2-minute stages of increasing inclines of 2% per stage at brisk walking pace (deter-
mined by the patient). The test stopped when the following criteria were met: plateauing heart
rate (monitored with Polar Electro, Holte, DK) and plateauing oxygen consumption (VO2)
with incremental workloads and a respiratory exchange ratio >1.1 [45]. Oxygen consumption
was assessed using indirect calorimetric measurements (CPET, Cosmed, Italy).
Glycemic control. Glycemic control, expressed as HbA1c, was analyzed using standard
procedures at a central laboratory (Rigshospitalet, Denmark).
Anthropometry. Dual x-ray absorptiometry (DXA) scan (iDXA; Lunar, Prodigy
Advance; GE Healthcare, Madison, WI) was used to assess Body composition (total fat-mass,
android fat-mass and gynoid fat-mass). Information regarding height, weight and waist cir-
cumference were obtained using standard procedures.
Statistical methods
A formal sample size calculation was not performed, given that the trial serves as a pilot trial
[34]. The sample size was determined based on financial restraints; either at 50 patients or the
number of participants enrolled by November 9th 2014.
Due to the nature of the trial, it was decided not to perform any formal statistical efficacy
analyses [34]. For the primary analysis, difference in means of total accumulated minutes of
interval training with 95% confidence intervals (95% CI) between the allocated groups, was
derived from a mixed effects model with fixed effect for group (2 levels), age (continuous) and
sex (2 levels) and reported according to intention to treat (ITT). As all data was prospectively
registered in an online database, and all data, therefore, were available (including data from
patients lost to follow-up), no imputation procedures were performed. As a sensitivity analysis,
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we performed a complete-case analysis including patients who attended both baseline and
12-week follow-up measurements. We investigated assumptions of normal distributed residu-
als of the mixed effects model. In an explorative analysis, adherence was dichotomized (yes/no
of meeting 90 minutes of IWT/week) and the absolute risk of adherence was reported as the
risk difference (risk of adherence in the experimental group minus the risk of adherence in the
control group). Mean difference and 95% CI from continuous secondary outcomes (changes
from baseline to 12-week follow-up) were derived from mixed linear models with same fixed
factors as for primary outcome, but additionally adjusted for the respective baseline values.
Baseline characteristics, usability and participation satisfaction outcomes are reported as
means with standard deviations, medians with interquartile ranges or numbers and propor-
tions as appropriate. Statistical analyses were performed using STATA IC 13.1 (Stata 210
Corp, Texas, USA).
Results
Sample
Baseline characteristics are shown in Table 1. Forty-three patients were assessed for eligibility.
Five patients declined participation (primarily due to no interest in participation) and one
patient did not meet the inclusion criteria. Thus, 37 patients were randomly allocated to either
experimental group (n = 19) or control group (n = 18). Thirty-two patients completed the
intervention. Following the allocation, two patients withdrew from the control group: one due
to general illness and one was not able to walk. Three patients from the experimental group
withdrew: one due to general illness, one due to injury not related to the trial and one did not
attend the baseline examination. Thirty-five patients (Nexperimental = 19 and Ncontrol = 16) com-
pleted the re-visit in the laboratory. In total 37 patients were included in the ITT analysis. The
sample was predominantly overweight with slightly more females than males (65% vs. 35%)
(Table 1).
Adherence to interval walking training
The experimental group accumulated [95%CI] 345 [-7, 698] minutes of IWT more than the
control group, equivalent to 29 minutes/week (Fig 5). Complete-case analysis (n = 32) showed
that the experimental group accumulated [95%CI] of 434 [63, 804] minutes of IWT more than
Table 1. Baseline demographic characteristics on all randomized participants.
Characteristics Total Control group (IWT only) Experimental group (IWT + SMS-track)
Number of participants (N) 37 18 19
Female, No (%) 24 (64.9) 11 (29.7) 13 (35.1))
Age (years) 65.9 (6.8) 65.1 (6.4) 66.7 (7.3)
Height (cm) ◆ 167.4 (8.2) 167.0 (8.5) 167.7 (8.1)
Body mass (kg) ◆ 82.5 (17.6) 83.3 (17.5) 81.7 (18.1)
HbA1c (mmol/mol)◆ 50.3 (12.1) 51.6 (12.9) 49.1 (11.6)
Body mass index (kg/m2) ◆ 29.4 (5.7) 29.8 (5.6) 29.0 (6.0)
Total fat mass (%) ◆ 37.9 (8.7) 38.5 (8.0) 37.3 (9.5)
Android fat mass (%) ◆ 45.9 (8.7) 46.9 (7.2) 45.0 (10.0)
Gynoid fat mass (%) ◆ 40.1 (9.7) 39.8 (8.7) 40.4 (10.8)
◆ Height, Body mass index, HbA1C, Total fat mas, Android fat mass, and Gynoid fat mass are based on 35 patients. Data are in means (standard deviations) or numbers
(%)
https://doi.org/10.1371/journal.pone.0208181.t001
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the control group, equivalent to 36 minutes/week. Risk difference [95%CI] of reaching the rec-
ommended level of IWT was 36% [9, 63], with the proportion of patients reaching recom-
mended level of 90 minutes/week of IWT was 47% (9 out of 19) in the experimental group
compared to 11% (2 out of 18) of patients in the control group. The weekly accumulated min-
utes of IWT per group is depicted in Fig 6. Self-reported adherence to IWT and renewal of
IWTF are described in Table 2.
Usability of electronic momentary assessment
The response rates to the EMA’s are reported in Table 3. More females than males responded
to weekly EMA’s in the experimental group. A total of 30 follow-up questions on weekly
EMA’s were sent with a response rate of 100% (Table 3). Three telephone calls (by LSV) to dif-
ferent patients were made (due to consistent reporting of non-adherence to IWT).
Satisfaction with participation and prospective usage of the InterWalk app
Thirteen patients (68%) were very satisfied, two patients (11%) were satisfied and one (5%)
was not satisfied with their participation in the experimental group. The corresponding num-
bers in the control group were eight patients (44%), seven (39%) and one (6%). A total of 78%
patients (experimental group; n = 14, control group; n = 11) reported that they intended to use
the InterWalk app to perform IWT after the trial had ended. Nine patients (28%) in the experi-
mental group and ten patients (31%) in the control group reported that they intended to use
the app for IWT several times a week. Five (16%) patients in the experimental group reported
that they would only use the InterWalk app once a week/once in a while compared to one
patient in the control group.
Fig 5. Accumulated minutes of interval walking training across 12-weeks by group. Data are means with standard
error.
https://doi.org/10.1371/journal.pone.0208181.g005
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Other outcomes
Other self-reported and metabolic outcomes are reported in Table 4. Data does not indicate
any between-group difference on the metabolic outcomes. However, the data indicates that
mental well-being increases in response to the intervention.
Discussion
In this pilot trial, we assessed the feasibility and usability of a multi-component consisting of
EMA’s, goal-setting and phone calls on adherence to IWT delivered by the InterWalk app in
patients with T2D. The main finding was that the intervention increased the adherence to
IWT, as assessed by time spent performing IWT. However, considerable imprecision around
the effect estimate was observed. Moreover, adherence to IWT was similar between the groups
until week eight of the intervention period. After that, the experimental group retained adher-
ence, whereas adherence in the control group tended to decline. Patients in the experimental
group found EMA’s highly satisfactory and had a high response rate to the surveys.
In line with our findings, Agboola et al. observed that daily personalized messages increased
adherence to walking [28]. Likewise, Yom-Ton et al. observed that daily short messages
(through SMS) with an in-built reinforcement learning algorithm using personalized feedback,
could increase adherence to walking in a sedentary group of patients with T2D [46]. Arambe-
pola et al. found that automated brief-messages targeting diet and PA via mobile devices pro-
duced a modest improvement on glycemic control [20]. And finally, Morton et al. found that a
combination of tailored electronic messages, goal-setting and personalized feedback was more
effective in enhancing PA, than text-messages alone in a population of people at high risk of
T2D [47]. These findings are in agreement with previous findings [48–51]. Even though
Fig 6. Weekly interval walking training minutes during week 1 through 12 of follow-up for the intention-to-treat
population. Closed circles represent the experimental group and open triangles are the control group. Data are means
and error bars represent standard error. IWT denotes Interval walking training.
https://doi.org/10.1371/journal.pone.0208181.g006
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EMA’s in our trial did not have an in-built learning algorithm, patients were adherent to IWT.
However, it can be speculated that adherence to IWT in the experimental group might have
been higher if such an in-build learning algorithm had been incorporated.
In our trial, only three telephone calls to three different patients were made to inquire
about changes in self-reported adherence during the intervention period. This has to be seen
in relation to a total of 230 telephone calls that could potentially have been made. Although the
number of calls made was low, the possibility of engaging a personal contact may be impor-
tant. Yavuz et al. have reported better persistence and adherence to insulin treatment when
electronic messages were supported by sequential telephone interviews in patients with T2D
[52]. The resources required to monitor responses to EMA’s in our trial were low, indicating
that monitoring treatment adherence with EMA’s and follow-up telephone interviews may a
feasible primary care tool to help prevent relapse to a physically inactive lifestyle in patients
with T2D. Moreover, this approach may be scalable due to low costs and no major strains on
health care professionals. Our data suggest that males had a lower response rate to the elec-
tronic messages than women. Rather than investigating sex-specific differences, most studies
report results on group level adjusted for sex in relation to ethnicity, level of health literacy and
education, income or willingness to use electronic messages as a tool for better adherence
[51,52,53]. In contrast to our results Yom-Tov reported that women were less likely to respond
to electronic messages compared to men and that sex and reaction to messages were signifi-
cantly correlated, indicating that feedback need to be tailored according to sex [46]. Our study
was not designed to investigate sex-differences in usability of EMA’s, therefore this observation
Table 2. Usability and feasibility of the interwalk app to do interval walking training.
Control group
(n = 18)
Experimental group
(n = 19)
Total
(n = 37)
Performing Interval walking training using the InterWalk app1
1–2 times/week 4 (12.5) 1 (3.1) 5 (15.6)
3 times/week 7 (21.9) 8 (25.0) 15 (46.9)
more than 3 times/week 4 (12.5) 7 (21.9) 11 (34.4)
Missing answer 1 (3.1) 0 (0.0) 1 (3.1)
Trained minutes per session using the InterWalk app2
10–15 minutes 0 (0.0) 1 (3.1) 1 (3.1)
16–30 minutes 6 (18.8) 3 (9.4) 9 (28.1)
more than 30 minutes 10 (31.3) 12 (37.5) 22 (68.8)
missing answer 0 (0.0) 0 (0.0) 0 (0.0)
Renewal of Standardised InterWalk Fitness Test (IWFT)3
4 weeks
yes 7 (21.9) 10 (31.3) 17 (53.1)
no 7 (21.9) 5 (15.6) 12 (37.5)
Missing answer 2 (6.3) 1 (3.1) 3 (9.4)
8 weeks
yes 5 (15.6) 9 (28.1) 14 (43.8)
no 9 (28.1) 6 (18.8) 15 (46.9)
Missing answer 2 (6.3) 1 (3.1) 3 (9.4)
Data are n (%).
1How many times per week did you use the InterWalk during the last 12 weeks?
2When using InterWalk application to perform interval walking training, for how long did you walk per session?
3Have you renewed the standardised InterWalk Fitness Test at 4 weeks/at 8 weeks?
https://doi.org/10.1371/journal.pone.0208181.t002
EMA, goal-setting and personalized phone-calls on adherence to interval walking training among T2D patients
PLOS ONE | https://doi.org/10.1371/journal.pone.0208181 January 10, 2019 12 / 20
needs further attention in relation to tailoring text-messages in the best way when designing a
confirmatory trial.
Interventions aimed at creating change PA behavior through such means, and EMA’s, have
shown positive effects in relation to health-related behavior changes including PA [54–56].
This holds true both when the intervention is used as a co-intervention to PA [28,48] and as a
Table 3. Usability of ecological momentary assessment (experimental group only)�.
EXPERIMANTAL GROUP (n = 18)◆
Male Female Total
Total replies, No (%)1 49 (68) 130 (90) 179 (83)
Total missing replies, No (%) 23 (32) 14 (10) 37 (17)
Total answered follow-up questions2, No (%) 21 (43) 9 (7) 30 (100)
Reported reasons for not using the InterWalk app3 No (%)
Illness 6(20)
No motivation 1(3)
Don’t want to walk alone 3(7)
Bad weather 4(10)
Lack of time 1(3)
Due to work 1(3)
Other reasons 14(53)#
� Only Bi-directional text-messages
◆ One patient was never set up in the electronic momentary assessments systems due to never showing up for
examination
1Once a week during the 12 weeks of intervention the patient was asked: “How many times did you use InterWalk
during the last week?”
2If patients answered, that they did not use InterWalk during the last week, they were asked: “What is the primary
cause to not using InterWalk?”
3Reported Reasons for not using InterWalk app stated in the follow-up question.
# Other reasons stated include: Vacation, no InterWalk application and walked without using the InterWalk app.
https://doi.org/10.1371/journal.pone.0208181.t003
Table 4. Within-group changes and between-group comparisons of changes in secondary outcomes from baseline to 12 weeks.
Control group (IWT only) Experimental group Between-group difference
N Change LCL
95%
UCL
95%
N Change LCL
95%
UCL
95%
Mean diff. LCL
95%
UCL
95%
Aerobic capacity (ml O2/min)
1 14 94.54 -5.10 194.18 15 51.81 -44.35 147.97 -42.73 -183.25 97.79
Physical activity (kJ/kg/day)1 15 -3.64 -9.09 1.82 14 -1.14 -6.80 4.52 2.50 -5.54 10.54
Body composition1
Total fat mass (kg) 15 -0.004 -0.01 0.004 16 -0.003 -0.009 0.004 0.001 -0.009 0.01
Android fat mass (kg) 15 -0.002 -0.01 0.007 16 -0.003 -0.009 0.008 0.002 -0.01 0.01
Gynoid fat mass 15 -0.66 -1.71 0.40 16 -0.001 -0.01 0.008 -0.0002 -0.01 0.01
Body weight (kg)1 15 -0.001 -0.01 0.008 16 -0.35 -1.38 0.67 0.39 -1.19 1.80
HbA1c (mmol/mol)1 15 -0.27 -2.00 1.45 16 1.57 -0.10 3.24 1.84 -0.59 4.28
Quality of life
Physical 15 3.31 -0.62 7.24 12 1.82 -2.58 6.22 -1.49 -7.47 4.49
Mental 15 -3.72 -8.24 0.81 12 3.60 -2.00 8.12 6.78 -0.04 13.60
Data are mean change, difference in mean change, upper and lower 95% confidence limits (UCL95% and LCL95%),
1Adjusted for sex and baseline value
https://doi.org/10.1371/journal.pone.0208181.t004
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self-management tool [49,50]. The observed response rates to text-messages in our trial were
however, comparable to those found in similar studies using a theoretical framework when
designing usability and acceptable electronic messages in health care [26,57–61]. However,
working with a theoretical framework in the design phase of a confirmatory trial, may however
help obtain even higher adherence to digitally supported exercise, when employing EMA’s as
an intervention.
We did not observe any effect on metabolic risk factors, VO2peak nor body composition,
despite the seemingly higher adherence in the experimental group compared to the control
group. Contrary to our findings, however, effects of IWT on these parameters have previously
been reported in patients with T2D [45, 62] and healthy elderly persons [63–65]. Many
patients failed to renew the IWFT in the app, indicating that these weekly prompts were not
decisive to prompt patients to renew the IWFT. The intensity of IWT was personalized and
aimed at 85% of VO2peak based on the IWFT, which has been validated to patients with T2D
by Brinkløv et al. [35]. However, the limits of agreement based on the IWFT were very wide.
Therefore, the actual walking intensity during IWT may have been grossly underestimated
compared to the intended intensity [6,66]. The lack of renewal, mentioned above, and possible
underestimation of the actual exercise intensity during IWT may therefore have been insuffi-
cient to improve metabolic risk factors in this study. Moreover, previous findings suggest that
the effect of exercise on HbA1c is dependent of the HbA1c, when entering the intervention
(i.e., patients with higher HbA1c values at baseline would improve glycemic control more as
compared to patients with lower HbA1c values at baseline) [66]. Participants in our trial
entered the study with an HbA1c close to the diagnostic criteria for T2D, which may explain
the lack of effect on HbA1c. Moreover, we suspect that recommended volume (90 min per
week) or frequency (3 times per week) may have been insufficient to improve metabolic mark-
ers as Umpierre et al. have suggested an inverse dose response relationship between exercise
frequency and reductions in HbA1c, with larger reductions at higher frequencies (i.e., more
weekly exercise sessions) [6]. Karstoft et al. did not observe an effect of IWT on a reduction in
HbA1c, but rather the IWT reduced hyperglycemia in patients with T2D [45] suggesting that
IWT reduces hyperglycemia rather than mean blood glucose (as expressed as HbA1c) in these
patients [62]. Finally, the lower bound of the 95% CI on the primary outcome in the complete-
case analysis indicates that the IWT adherence may have been very low to modest and thus
explain the lack of effect on the metabolic risk factors. One or all the above, may have pre-
cluded an effect of IWT on HbA1c and other metabolic risk factors. Thus, a future confirma-
tory trial based on IWT in patients with T2D needs to consider an accurate estimation of
intensity of IWT and/or an enforcement of the renewal of the IWFT. Moreover, besides
increasing the sample size to increase precision of the adherence estimate, the volume and/or
frequency of IWT will likely have to be higher to obtain clinically relevant improvements on
cardiovascular risk factors.
Some limitations of the trial need to be addressed. First, we did not assess patients’ health
literacy or digital readiness. Low health literacy related to diabetes knowledge, self-efficacy and
self-care behavior and glycemic control is common in patients with T2D [67–69]. Moreover,
several studies have reported that health literacy is positively related to health promoting
behavior as PA in Patients with T2D [70,71]. Due to reliance on digital solutions to promote
PA (app and EMA’s), generalizability to primary care may be precluded if patients in primary
differs in the level of digital readiness and/or health literacy [72–74]. However, Bergner et al.
found that patients with limited health literacy were as likely to respond to bi-directional text-
messages as patients with adequate health literacy [75,76]. Thus, possible differences in health
literacy may not necessarily affect translation of our findings into the primary care of T2D.
However, if participants in our study possessed better skills in handling digital solutions in
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relation to health compared with patients in primary care [70,71], the adherence to IWT in
our study may be higher than would observed in a clinical care context. To fully appreciate
how to translate our findings into primary care in a confirmatory trial, investigations of target-
ing different dimensions (e.g. user, task and health care context dimensions) of eHealth liter-
acy and their effect on adherence to PA interventions are warranted [77]. Secondly, we relied
on self-reported adherence to IWT through EMA’s, in the communication with experimental
group. As self-reported PA is prone information bias [78], the frequency of telephone inquiries
made in this study may have been higher had the decision to inquire been based on objective
assessments of adherence. Christensen at al., have suggested that direct personal interaction
and feedback may be essential for some patients with multi-morbidity to adhere to self-man-
agement of their disease [79]. The low frequency of telephone inquiries, due to information
bias may thus have caused an underestimation of the need for direct personal contact with a
health care professional. There may have been a greater need for direct personal communica-
tion than detected by the self-reporting, which may have resulted in an increased risk of loss to
follow-up or non-adherence. Thirdly, qualitative semi-structured interviews with participating
patients to formally investigate feasibility and usability were not included as a part of this pilot
trial. Using this approach, we might have gained a more in-depth knowledge in relation to
usability, acceptability and relevance of EMA’s in concert with the InterWalk app. These
insights can be obtained through a nested pilot investigation as a part of a confirmatory trial.
In conclusion, our findings support the use of EMA’s, goal-setting and phone-calls as feasi-
ble interventions to attain adherence to IWT, promoted by the InterWalk app, during a
12-week intervention period in patients with T2D. However, some uncertainty about the effect
size of adherence and InterWalk acceptability still exist. The EMA-based approach was feasible
with a minimum of contacts with patients, and the patients also provided a high response rate
suggesting that the approach is usable for this patient group. Conducting a confirmatory trial
with rigorous study design and longer follow-up period will provide robust evidence of the
effectiveness of supporting the InterWalk app-based intervention with EMA’s and goal-setting
on IWT adherence in patients with T2D.
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